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survival.1-3 The use of both the left and free right ITA
for revascularization of the anterior descending and cir-
cumflex coronary arteries has shown additional advan-
tages over the use of only 1 ITA in combination with
vein grafts with respect to long-term survival and qual-
ity of life, that is, freedom from angina and reinterven-
tion.2,4,5
Complete arterial revascularization appears to be the
next logical step to optimize surgical therapy for coro-
nary heart disease. In most of these operations, 3 or
more arterial grafts are used for complete revasculariza-
tion of triple vessel disease. The associated trauma and
time required for this approach impede a more wide-
spread use of complete arterial revascularization.
Tector and associates6 in 1994 presented the tech-
nique of T grafting for complete arterial revasculariza-
tion with both ITAs. In this approach the left ITA is con-
nected to the coronary branches of the anterior wall,
T he internal thoracic artery (ITA) currently is the con-duit of choice in coronary artery bypass grafting
(CABG) because of superior graft patency, reduced car-
diac events, and enhanced short-term and long-term
Objective: Complete arterial coronary artery bypass grafting with 2
grafts can be achieved even in triple vessel disease by use of a T config-
uration. There is still uncertainty whether the coronary flow reserve in
the main stem of the left internal thoracic artery is sufficient to supply
more than 1 anastomosed coronary vessel. Methods: Between March
1996 and February 1999, 251 patients with multivessel coronary artery
disease underwent complete arterial revascularization with T grafts,
using either the left internal thoracic artery with the free right internal
thoracic artery graft (n = 73, group I) or the left internal thoracic artery
and radial artery (n = 178, group II). A mean of 4.0 (group I) versus 4.3
(group II) coronary vessels were anastomosed per patient. One week (n
= 92) and 6 months (n = 28) after the operation, flow was measured in
the proximal left internal thoracic artery with a Doppler guide wire.
Maximum flow was determined after injection of adenosine (30 m g).
Results: The in-hospital mortality was 2.7% (group I) versus 2.3%
(group II). At angiography (n = 142, 56.6%) the patency rate was 96.3%
(group I) versus 98.2% (group II). There was no significant difference
between baseline flow, maximum flow, and coronary flow reserve
between the 2 groups. Coronary flow reserve increased in both groups
within the first 6 postoperative months (group I, 1.85 ± 0.31 vs 2.77 ±
0.77, P = .0002; group II, 1.82 ± 0.4 vs 2.53 ± 0.73, P = .009). Conclusion:
Both variants of T grafts allow for complete arterial revascularization
with good perioperative results. The flow reserve of the proximal inter-
nal thoracic artery is adequate for multiple coronary anastomoses irre-
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T GRAFTS WITH THE RIGHT INTERNAL THORACIC ARTERY TO LEFT INTERNAL THORACIC ARTERY
VERSUS THE LEFT INTERNAL THORACIC ARTERY AND RADIAL ARTERY: FLOW DYNAMICS IN THE
INTERNAL THORACIC ARTERY MAIN STEM
whereas the second free ITA is anastomosed proximal-
ly to the left ITA and distally to the coronary arteries of
the posterolateral and inferior wall in sequential fash-
ion. T grafting with the left ITA and radial artery has
also been reported.7-9 With this approach, complete
revascularization is possible with maximum graft econ-
omy (ie, 2 grafts) and reduction of operative trauma
and time.
In 1996 we have adopted the approach of complete
arterial revascularization with only 2 arterial grafts
(either both ITAs or the left ITA and radial artery),
commonly using the T-graft approach.
In both variants of this configuration, total coronary
bypass flow is dependent on the flow of the left proxi-
mal ITA. This has led to concern whether flow reserve
in the ITA main stem is sufficient, both in the perioper-
ative and long-term phase.
We therefore studied blood flow in the ITA main
stem of an arterial T-graft configuration using the left
ITA graft and a free right ITA or left ITA and radial
artery. The objective of these investigation was to com-
pare baseline flow and maximum flow in the early post-
operative period with the flow dynamics in a more
long-term phase. The coronary flow reserve (CFR =
ratio of maximum flow to baseline flow) was deter-
mined and compared 1 week and 6 months after the
operation.
Patients and methods
Patients. During the period March 1996 to March 1999,
297 patients with multiple coronary artery disease underwent
complete arterial revascularization in our institution. The
decision for arterial revascularization was based on prognos-
tic reasons (age ≤ 70 years) in 79% and lack of vein grafts in
21% of patients. In 251 (85%) of these patients, revascular-
ization was performed with a T-graft configuration. Clinical
characteristics are shown in Table I.
Surgical technique. The radial artery and ITAs were pre-
pared by means of the skeletonization technique. The radial
artery was dissected at the nondominant arm by means of
standard technique10 while the left ITA was harvested.
After preparation of both grafts (left ITA and free right ITA
or left ITA and radial artery), diluted papaverine (50 mg/20
mL Ringer solution) was injected into the lumen of the arter-
ies and the distal end of the grafts was closed with a
Hemoclip device (Weck Closure Systems, Research Triangle
Park, NC).11 The radial artery was additionally soaked in
diluted diltiazem (25 mg/20 mL Ringer solution). No routine
systemic therapy with vasodilators or calcium channel block-
ers was given during the operation and the postoperative
course.
All patients were operated on with extracorporeal circula-
tion and mild systemic hypothermia (32°C-34°C). Under car-
dioplegic arrest the branches of the right and circumflex
coronary arteries were anastomosed to the free right ITA or
radial artery. The left ITA was then used for revascularization
of the anterior descending system. Sequential anastomoses
were performed with both grafts as necessary. The T anasto-
mosis between left and right ITA or radial artery was created
during the period of cardiac arrest.
Coronary angiography protocol. All patients were
offered the option of coronary angiography 1 week after the
operation to document the adequacy of the surgical result. In
142 patients (56.6%) informed consent was obtained and fol-
low-up angiography performed.
During the course of our clinical experience, a clinical
investigation was designed to assess flow characteristics of
the T graft. The protocol was approved by the local ethics
committee. Thirty-five patients with T grafts of the right ITA
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Table I. Clinical characteristics of patients with T
grafts
LITA-RITA LITA-RA 
(n = 73) (n = 178) P value
Mean age (y) 61.4 ± 10.5 60.5 ± 8.6 >.2
Sex (M/F) 65/8 140/38 .02
CAD
One vessel (n) 0 0 >.2
Two vessels (n) 3 (4%) 5 (3%) >.2
Three vessels (n) 70 (96%) 173 (97%) >.2
Left main stenosis 18 (25%) 45 (25%) >.2
(n)
Ejection fraction 58.1 ± 15.2 (28-85) 55.3 ± 14.5 (23-85) >.2
(%)
Preop IABP (n) 0 2 (1%) >.2
Redo cases (n) 1 (1%) 14 (8%) >.2
LITA, Left internal thoracic artery; RITA, right internal thoracic artery; RA,
radial artery; CAD, coronary artery disease; IABP, intra-aortic balloon pump.
Table II. Clinical characteristics and coronary risk
factors of patients who underwent flow measurement
studies 1 week and 6 months after the operation
LITA-RITA LITA-RA 
(n = 18) (n = 10) P value
Mean age (y) 58.4 ± 13 60.8 ± 10.1 >.2
Sex (M/F) 16/2 7/3 .2
CAD
1 vessel (n) 0 0 >.2
2 vessels (n) 0 1 (10%) >.2
3 vessels (n) 18 (100%) 9 (90%) >.2
Ejection fraction (%) 61.5 ± 10.9 60.6 ± 12.5 >.2
Hypertension (n) 8 (44%) 3 (30%) >.2
Hyperlipidemia (n) 11 (61%) 6 (60%) >.2
Diabetes mellitus (n) 4 (22%) 3 (30%) >.2
Smoking history (n) 7 (39%) 4 (40%) >.2
LITA, Left internal thoracic artery; RITA, right internal thoracic artery; RA,
radial artery; CAD, coronary artery disease.
to the left ITA (group I) and 57 with T grafts of the left ITA
and radial artery (group II) gave their informed consent for
additional flow measurement in the left ITA 1 week after the
operation. Six months later 18 group I patients and 10 group
II patients were restudied by means of the same protocol. The
statistical comparison of flow data over time was performed
in these 28 patients. Their clinical characteristics, especially
coronary risk factors with potential influence on their bypass
flow measurements, are shown in Table II.
Catheterization technique. Administration of all medica-
tion was terminated 24 hours before cardiac catheterization.
Selective angiography of the coronary arteries by the Judkins
technique with 6F diagnostic catheters was performed from a
femoral approach with a 6F sheath. Before the grafts were
visualized, 0.2 mg of glycerol trinitrate was applied into the
left ITA.
Quantitative angiographic analysis. Quantitative analy-
sis of the grafts was performed with an automated coronary
analysis program with edge contour detection (CAAS II; Pie
Medical, Maastricht, The Netherlands). The first well-opaci-
fied end-diastolic frame detected by simultaneous electrocar-
diographic recording was selected for analysis. The luminal
diameter of the vessel at the level of blood velocity record-
ings was measured by an automated contour detection algo-
rithm. Absolute dimensions were calculated by reference to
the known size of the shaft of the empty diagnostic catheter,
measured 2 to 3 cm from the tip. The cross-sectional area of
the graft was then computed. For this purpose a circular cross
section was assumed. The exact location of the lumen mea-
surement 1 week after the operation was documented with a
photographic printout. Six months later, the luminal diameter
was measured at exactly the same location of the proximal
left ITA.
Flow measurements. Phasic coronary flow velocity was
recorded in the proximal left ITA with the use of a 0.014-
inch, 12-MHz Doppler guide wire (FloWire; Cardiometrics,
Inc, Mountain View, Calif). The tip of the wire was placed
exactly at the site where the luminal diameter had been mea-
sured before. An optimal Doppler signal was obtained by
moving the guide wire slightly into the vessel lumen and
adjusting the velocity range. The final position of the guide
wire was confirmed by injection of contrast medium.
Frequency analysis of the Doppler signal was carried out in
real time by fast Fourier transformation with the use of a
velocimeter (FloMap, Cardiometrics, Inc). After Doppler sig-
nals were recorded under baseline conditions, adenosine (30
m g) was injected into the left ITA graft. The Doppler signals
were recorded for 1 minute after injection to obtain the max-
imal peak velocity. Systolic and diastolic peak velocities and
the time average of the instantaneous spectral peak velocity
(time-average peak velocity) were determined from phasic
coronary blood flow recordings. The flow volumes in the left
ITA graft were calculated as proposed by Doucette and asso-
ciates,12 using the mean velocity and the cross-sectional area.
The CFR was obtained from the ratio of maximal to baseline
flow.
Statistics. Data were analyzed with the use of the StatView
software package (Abacus Concepts, Inc, Berkeley, Calif).
All data are expressed as mean values ± standard deviation.
Clinical data of the 2 groups were compared by means of the
unpaired t test and c 2 tests.
The Wilcoxon signed rank test was used for analysis of
flow data in each group. The 2 groups were compared by
means of the F test for equal variances.
Results
Clinical results. A T graft of the right ITA to the left
ITA was used in 73 (29%) patients whereas 178 (71%)
patients received a combination of left ITA and radial
artery. Operative data of these patients are shown in
Table III. Implantation of an intra-aortic balloon pump
for low cardiac output syndrome was necessary in
1.4% in group I and 1.7% in group II.
A mean of 4.0 (group I) versus 4.3 (group II) anasto-
moses were performed per patient (Table IV). In 2
patients of group II who could not be weaned from
bypass, transesophageal echocardiography showed
hypokinesia of the anterior wall. An additional vein
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Table III. Operative data of patients with T grafts
LITA-RITA LITA-RA 
(n = 73) (n = 178) P value
Time
Operation (min) 244 ± 44 195 ± 41 <.0001
Bypass (min) 91 ± 26 89 ± 27 >.2
Ischemia (min) 64 ± 22 65 ± 16 >.2
Postop IABP (n) 1 (1%) 3 (2%) >.2
Concomitant procedures
AVR (n) 1 (1%) 4 (2%) >.2
MVR (n) 0 2 (1%) >.2
Bullectomy (n) 0 1 (1%) >.2
Carotid TEA (n) 0 3 (2%) >.2
LITA, Left internal thoracic artery; RITA, right internal thoracic artery; RA,
radial artery; IABP, intra-aortic balloon pump; AVR, aortic valve replacement;
MVR, mitral valve repair; TEA, thromboendarterectomy.
Table IV. Patterns of arrangement of conduits of
patients with T grafts
LITA-RITA LITA-RA 
(n = 68) (n = 178)
Anastomoses/patient (n) 4.0 ± 0.9 4.3 ± 0.8
Distal anastomoses (n) 299 771
LITA (n) 123 (41%) 287 (37%)
RITA (n) 176 (59%) —
RA (n) — 484 (63%)
Vein graft on LAD (n) 0 2 (1%)
LITA, Left internal thoracic artery; RITA, right internal thoracic artery; RA,
radial artery; LAD, left anterior descending coronary artery.
graft was placed on the left anterior descending coro-
nary artery. With restored anterior wall function both
patients could be weaned from bypass and were finally
discharged after an unremarkable postoperative course.
The in-hospital mortality was acceptable in both
groups (group I, 2.7%; group II, 2.3%; Table V). Four
of the 6 deaths were cardiac. In group I a man with con-
comitant colon cancer had a significant intraoperative
myocardial infarction and could not be weaned from
cardiopulmonary bypass. Two female patients in group
II had an uneventful operation with stable postoperative
hemodynamics. Several hours later cardiac fibrillation
suddenly developed and they underwent cardiopul-
monary resuscitation including circulatory support
with extracorporeal circulation. Placement of an addi-
tional vein graft to the left anterior descending coro-
nary artery was unsuccessful in restoring left ventricu-
lar function. The pathologic investigation documented
patent grafts. One woman from group II, who under-
went reoperation and concomitant mitral valve repair,
had postoperative low cardiac output syndrome and
died 3 days later of multiorgan failure.
Angiographic results. One week after the operation
the patency rate of the left ITA was 98.1% in group I
(53/54) and 98.9% (87/88) in group II. The free right
ITA was patent in 94.4% (51/54) and the radial artery
in 97.7% (86/88) of patients.
In the group of patients who underwent angiography
6 months after the operation, 1 radial artery (of 10) was
occluded in the presence of significant perfusion via
the native coronary system.
Flow measurement results. Baseline flow 1 week
after the operation was 76.13 ± 34.08 mL/min in group
I (n = 35) and 72.65 ± 34.78 mL/min in group II (n =
57) (P = .9). After stimulation with adenosine, the flow
increased in both groups (group I, 136.34 ± 53.43
mL/min, P < .0001; group II, 130.83 ± 58.80 mL/min,
P < .0001). There was no significant difference in the
maximum flow between the 2 groups (P = .5). The cal-
culated CFR was 1.87 ± 0.37 (group I) versus 1.86 ±
0.33 (group II) (P = .5).
In the patients who were investigated 6 months later
(group I, n = 18; group II, n = 10), the baseline flow
was slightly reduced in both groups (Fig 1; group I, P
= .03; group II, P = .9) without significant difference
between the 2 groups (P = .3). Medical stimulation
with adenosine resulted in a flow elevation (Fig 1;
group I, P = .0002; group II, P = .005). The maximum
flow showed no significant difference between the 2
groups (P = .7). Over time, the maximum flow
increased mildly compared with that measured 1 week
after the operation (Fig 1; group I, P = .9; group II, P =
.1). Although there was no significant difference
between the 2 groups (P = .9), the CFR elevation over
time was significant in each group (Fig 1; group I, P =
.0002; group II, P = .009).
Discussion
Short-term and long-term data have long confirmed
the importance of the use of at least 1 arterial graft in
CABG. Several investigations have found improved
early postoperative recovery.13 Likewise the long-term
prognosis resulting from freedom from angina and
decreased mortality rates has been improved by placing
1 ITA to the left anterior descending coronary artery.1,3
In view of the excellent long-term function of the ITA,
the current trend is to expand the role of arterial grafts in
CABG further. Although some reports deny the benefit
of using more than 1 ITA graft,14 a number of investiga-
tions have documented improved long-term results after
using 2 ITAs when placed to the anterior descending and
circumflex arteries.2,4,5 These promising results have
stimulated efforts to achieve complete arterial revascu-
larization to eliminate or minimize the effect of graft
degeneration in coronary operations. Different combina-
tions using a T graft of the right ITA to the left ITA alone
or in combination with other arteries are used.
The radial artery as a conduit for CABG was first
proposed and used by Carpentier and associates.15
Recently, the radial artery was reintroduced as a bypass
graft by Acar,7 Calafiore,8 and their associates.
Although there is a higher propensity to spasm of the
radial artery than of the ITA,16 excellent results with
respect to early patency and morbidity in CABG have
been reported for the radial artery.7,17 The gastroepi-
ploic artery has also been used as an alternative arteri-
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Table V. Clinical outcome of patients with T grafts
LITA-RITA LITA-RA 
(n = 73) (n = 178) P value
Bleeding/reoperation (n) 0 1 (1%) >.2
Myocardial infarction (n) 2 (2%) 4 (2%) >.2
Phrenic nerve injury (n) 1 (1%) 0 >.2
Cerebral infarction (n) 0 4 (2%) .2
Sternum
Dehiscence (n) 0 1 (1%) >.2
Infection (n) 0 1 (1%) >.2
Forearm
Circulatory injury (n) — 0 —
Infection (n) — 2 (1%) —
Paresthesia (n) — 14 (8%) —
In-hospital mortality (n) 2 (2.7%) 4 (2.3%) >.2
LITA, Left internal thoracic artery; RITA, right internal thoracic artery; RA,
radial artery.
al conduit in CABG.18 The risk of vasospasm is
increased in relation to the ITA. Results with the gas-
troepiploic artery are comparable with those with the
radial artery in the early postoperative years.7,8,17,19,20
The radial artery appears to have advantages over the
gastroepiploic artery because it can be harvested while
the left ITA is being dissected. Surgical dissection
appears easier, and a laparotomy with its associated
morbidity can be avoided. Commonly, 3 or more of
these arterial grafts are used to achieve total revascu-
larization. Medium-term results of complete arterial
revascularization appear promising.21
T grafts, as suggested by Tector and associates,6
achieve the goal of complete arterial revascularization
with only 2 arterial grafts. Originally the left ITA is anas-
tomosed to coronary branches of the anterior descending
coronary artery. The free right ITA is connected to pos-
terolateral and inferior branches of the circumflex and
right coronary artery in sequential fashion. Because of
its limited length, the proximal anastomosis of the right
ITA is created with the left ITA. Other authors have
propagated the T-graft procedure with the gastroepiploic
or radial artery being used as the second graft, and good
perioperative results have been reported.7,9,17
With the T-graft technique, complete arterial revascu-
larization in triple vessel disease is possible with only 2
grafts. The economic application of grafts may play a
role in young patients with further progress of the coro-
nary disease and resulting need for late reoperation.
Trauma and dissection time is shortened compared with
that of multiarterial harvesting. Avoidance of a proximal
anastomosis to the aorta is particularly beneficial in
patients with calcification of the ascending aorta. A
potential disadvantage of this approach may result from
the fact that coronary bypass flow is totally dependent
on the flow in the proximal ITA. Reduction of flow in
the left ITA, caused by vasospasm or trauma, may result
in a hypoperfusion syndrome with global ischemia and
its catastrophic consequences.22 In addition, the proce-
dure is technically more difficult than CABG using the
left ITA and vein grafts. Particularly patients with small
graft diameters, like the 2 women in this series who had
ITA hypoperfusion syndrome several hours after the
operation, may be at an increased risk of surgical pit-
falls. From the fatalities in our limited experience it is
difficult to judge whether the higher propensity of radi-
al arteries in 3 of 4 patients may have contributed.
To reduce the risk of sternal wound infection after
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Fig 1. Results of flow measurements in the left ITA main stem. CFR, Coronary flow reserve; LITA, left internal
thoracic artery; RITA, right internal thoracic artery; RA, radial artery.
using both ITAs,23 we have employed the skeletonized
ITA preparation technique described by Cunningham
and associates.24 We have furthermore found that free
flow of the skeletonized ITA was better than that of
ITAs harvested in a pedicle after intraluminal applica-
tion of papaverine.11 Although initial T grafts were
sometimes technically cumbersome to construct, we
were impressed by the ease of the operation with skele-
tonized ITAs. We have thus used skeletonized arterial
grafts routinely for CABG. The risk of vasospasm and
hypoperfusion syndrome of the ITA appears low with
our approach, which is reflected in the low incidence of
intra-aortic balloon pump implantation and mortality
rates in our population.
Since principal concern with respect to flow limita-
tions still remained valid, we decided to explore this
question under strict conditions of a clinical study.
Patients who underwent the T-graft procedure and fol-
low-up angiography 1 week after the operation had
excellent patency rates.
Intravascular flow measurements with a Doppler
guide wire in the left ITA main stem at rest and after
peripheral vasodilation with adenosine were performed
after documentation of an excellent surgical result. In
the absence of significant changes in heart rate and ven-
tricular preload, CFR measurements (ratio of peak
hyperemic to resting coronary blood flow velocity) are
highly reproducible in human beings.25 The intravascu-
lar Doppler measurement is a valuable clinical tool in
the longitudinal assessment of the coronary circulation.
In 1995, 2 investigations about flow measurement in
single ITA grafts were published.26,27 The maximal
blood flow in these studies was stimulated with
papaverine/isosorbide nitrate27 and dipyridamole.26
Both groups showed reduced CFR in the first days after
operation, although CFR increased over time.
In the present study both cohorts of patients showed
a slightly elevated baseline flow 1 week after the oper-
ation, which might be explained by early postoperative
reduction in hemoglobin with the elevation of cardiac
index. In combination with an increased maximum
flow after 6 months, a significant elevation of the CFR
after 6 months was observed. In both groups we found
no significant differences between the patients operat-
ed on with either a free right ITA–left ITA or a left
ITA–radial artery T graft because of baseline flow,
maximum flow, and CFR 1 week and 6 months after
the operation. It is remarkable that baseline flow in the
left ITA main stem was higher after T grafting than
flow rates in single ITA grafts, which have been report-
ed to range between 30 and 40 mL/min.27 This higher
flow in the left ITA reflects the greater supported
myocardial area. The CFR and its dynamic over time is
comparable with that after single ITA grafting.27
Therefore one can hypothesize that the T-graft config-
uration guarantees adequate blood supply of the anas-
tomosed myocardium with nearly normal CFR.
These results have prompted us to offer complete
arterial revascularization to all patients less than 70
years of age. Currently the percentage of complete arte-
rial procedures in our clinic is in excess of 40%. With
the documentation of these hemodynamic results,
which are identical for left ITA–right ITA versus left
ITA–radial artery configuration, we conclude that this
operation can be applied on a routine basis, allowing
for complete arterial revascularization of a large pro-
portion of patients.
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Discussion
Dr Alfred J. Tector (Milwaukee, Wis). We have performed
T grafts for total ITA revascularization in more than 1000
patients. The main concern of the T-graft technique is
whether the attached left ITA adequately perfuses the entire
ischemic myocardium. The authors report their results with
the T-graft technique in 251 patients undergoing CABG. The
right ITA and left ITA combination was used in 73 patients,
and the radial artery from the nondominant arm combined
with the left ITA was selected in 178 patients. An average of
4 or more arterial–coronary artery anastomoses were con-
structed in each patient. 
The phasic coronary flow velocity in the proximal left ITA
was measured with a Doppler guide wire in 92 patients at 1
week and in 28 patients 6 months after the operation. CFR
was equal in both the right ITA–left ITA combination and the
radial artery–left ITA group at 1 week and 6 months after the
operation. At 6 months it reached near normal levels. This is
the first time that CFR has been measured and reported post-
operatively in a T graft. 
These hemodynamic measurements demonstrate that flow
in the attached left ITA is sufficient to supply the entire
ischemic myocardium. This is convincing evidence for those
of us who were interested in this technique. 
Operative mortality was acceptable and graft patency stud-
ied 1 week and 6 months after the operation was excellent.
Sternal dehiscence and wound infections occurred in 2 of the
patients receiving the radial artery–left ITA combination; also
2 patients in this group had arm infections, and 14 had pares-
thesias in the forearm. One patient in the left ITA–right ITA
group had phrenic nerve injury. Hypoperfusion was reported
in 4 patients in the radial artery–left ITA group, and 2 of these
persons died. 
The authors describe performing the right ITA and radial
artery–coronary anastomosis before doing the T graft. We
believe the T anastomosis should be constructed first. Besides
reducing cardiopulmonary bypass time, it allows the surgeon
to assess flow in each limb of the graft, and if it is inadequate,
the T anastomosis can be reconstructed, usually with very
good flows in the limbs. Also, if there is an extra artery and it
needs to be excised, it is excised from the smaller, less desir-
able distal end of the graft instead of the proximal end. 
I have four questions for Dr Wendler. 
Do you think it may be beneficial to measure critical flow
in the left ITA distal to the T anastomosis? 
Do you know how many radial arteries and how many ITAs
were unacceptable at the time of grafting? 
Were calcium channel blockers used? 
Which combination of T graft, either radial artery–left
ITA or right ITA–left ITA will be your first choice in the
future? 
Dr Wendler. Measurement of flow velocity distal to the T
graft involves a technical problem to push the guide wire
through the T graft in the peripheral vessel of the left ITA off
the radial artery. Our cardiologists have been reluctant to per-
form this maneuver. 
The second question deals with the radial arteries that were
not accepted during the operation. By skeletonizing both
ITAs, we had only 1 right ITA that was not acceptable for
operation, and we had to operate on this patient with a vein
graft. In all other patients, after skeletonization of the ITA,
the graft was acceptable and showed an acceptable free flow
during the operation.
Intraoperatively, 7 patients were found to have calcification
in the radial artery, and we decided to use the right ITA for
the T-graft configuration. Preoperatively, 10 patients had a
pathologic Allen test and were not acceptable for radial artery
harvesting. 
The third question concerns calcium channel blockers. We
do not use calcium channel blockers in these patients intra-
venously, but after harvesting of the radial artery, we sprayed
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the radial arteries externally with diltiazem after administer-
ing papaverine intraluminally. 
The fourth question concerns which combination might
be the best for the patients. As we have seen, the operation
time is significantly reduced with the left ITA–radial artery
configuration. This is a result of the fact that harvesting of
the left radial artery is possible during the dissection of the
left ITA graft. Our general approach is to use the left ITA
and radial artery of the nondominant arm in the patient
with an acceptable Allen test. If calcification of the radial
artery, for example, is detected during the operation, we
have the option of changing to the left ITA–right ITA
configuration. 
Dr Bruce W. Lytle (Cleveland, Ohio). Were the T anasto-
moses constructed as true T anastomoses, that is to say, at
right angles, or were they constructed in what some people
would term a Y anastomosis, a more acute angle? 
Dr Wendler. Thank you very much for this good question.
As Dr Tector said, we performed the T-graft anastomosis
after we had completed all distal anastomoses. We have not
decided which configuration of this anastomosis yields the
optimal surgical result. In many patients the result is a real T
configuration, but in some patients the Y configuration seems
to have the better result. 
Dr Lytle. Does the structure of your data make it possible
for you to interpret whether there is any difference in those
constructions? 
Dr Wendler. No, we have no data about that.
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